ATLAS measurements of angular correlations between particle pairs at large pseudorapidity separation in pp and p+Pb collisions are presented. The data were collected using a combination of the minimum-bias and high track-multiplicity triggers. A detailed study of the dependence of two-particle correlations on the charged particle multiplicity, transverse momentum of the pair constituents is shown. Measurements of multi-particle cumulants in the azimuthal angles of produced particles in wide pseudorapidity (|η| < 2.5) and multiplicity ranges, with the aim to extract a single particle anisotropy coefficient, v 2 -v 4 , are also presented. These measurements can help to understand the origin of the long-range correlations seen in high-multiplicity pp and p+Pb collisions.
Introduction
1 ticles in the pair, which are conventionally called "reference/trigger" and "associated" particles, 23 respectively. The correlation function is defined as:
where S(∆φ , ∆η) is a distribution constructed from same event and B(∆φ , ∆η) is constructed 25 from mixed events. All particles in the given event are used to obtain the S distribution. In re- the ∆φ -averaged value is unity for |∆η| > 2. Then, by integrating the numerator and denominator
32
of Eq. 2.1 over |∆η| one can obtain one-dimensional correlation function C(∆φ ):
The range 2 < |∆η| < 5 is chosen to suppress contributions from the short range correlations (e.g.
34
jets, resonance decays). A more physical meaning has "per-trigger-particle yield" which is C(∆φ )
35
function with additional normalization: 3) where N a denotes the total number of trigger particles. This normalization allows subtraction of 37 the Y (∆φ ) distribution in one event-activity class from the Y (∆φ ) distribution in another.
38
The template fitting method developed by ATLAS [11] is used to estimate and remove the 39 impact of back to back dijets and other processes which correlates only a subset of the all particles 40 in the event. This approach is assuming that jet-correlation has shape independent of the event 41 multiplicity and at low multiplicity the structure of two particle correlation result predominantly factor and a function describing ridge: 3. Muon and charged particle correlations
58
As it was shown in the previous section particle production in high energy p+Pb and pp
59
collisions display an enhancement in the azimuthal correlation of the particles production which The template fitting method is suppressing the non-flow correlations impact by removing pairs 77 with low pseudorapidity separation (|∆η| < 2) and fitting shape of peripheral events, where flow is 78 assumed to be negligible. However, a multi-particle cumulant method [18] is used to reduce directly 
82
The two-or four-particle azimuthal correlations in one event are evaluated as:
These correlation can be used to define cumulants for two-or four-particle correlations: 84 c n {2} = {2} n , c n {4} = {4} n − 2 {2} n 2 (4.2) 1 In practice all charged particles are used as reference particles, however since they are mostly hadrons (π, p, K)
therefore the muon-hadron correlation is justified. Finally, the flow coefficients from two-and four-particle cumulants are defined as:
To suppress the non-flow correlations, which usually involve few particles which are close . They are compared to v 2 obtained from a two-particle correlation analysis [14, 22] where the non-flow effects are removed by a template fit procedure (solid circles) or with a fit after subtraction with zero-yield at minimum (ZYAM) assumption [24] (solid line).
condition [25] . The azimuthal muon-hadron correlation was also studied and non-negligible values 106 of v 2 were measured.
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